Introduction. This study used three dependent measures of food security to assess the magnitude of household food insecurity and its consequences on the nutritional status of children 6-36 months in Tamale Metropolis of Northern Ghana. Methods. An analytical cross-sectional study was conducted on a sample of 337 mother/child pairs in June 2012. Food access was measured as household food insecurity access scale (HFIAS), household dietary diversity score (HDDS), and food consumption score (FCS). Results. The magnitude of household food insecurity depended on the food access indicator, with HFIAS yielding the highest household food insecurity of 54%. Of the three food access indicators, 30-day HFIAS was not related to any of the nutrition indices measured. HDDS and FCS were both significantly associated with BMI of mothers and chronic malnutrition (stunted growth) but not acute malnutrition (wasting) with FCS being a stronger predictor of nutritional status. Compared to children in food insecure households, children in food secure households were 46% protected from chronic malnutrition (OR = 0.54, 95% CI: 0.31-0.94). Conclusions and Recommendations. The results of this study show that different measures of household food insecurity produce varied degree of the problem. Efforts at reducing chronic child malnutrition should focus on improving the adequacy of the diet.
Introduction
Child undernutrition continues to be a major public health problem in developing countries including Ghana. According to the Ghana Demographic and Health Survey, there is substantial regional variation of malnutrition in Ghana, with some of the poorest indicators found in the Northern part of the country. The estimated prevalence of chronic malnutrition, for example, in the Northern Region is 32.4% compared with a national average of 28% [1] . A recent UNICEF Multiple Indicator Cluster Survey (MICS) conducted in 2011 showed that the prevalence of chronic undernutrition in northern region of Ghana has increased from 32% in 2008 to 37% in 2011 [2] . According to the WHO (2000) classification of malnutrition, the malnutrition situation can be described as serious state in the northern region.
The persistent prevalence of chronic malnutrition in Northern Ghana is of particular concern that requires urgent attention and immediate action. To be able to address the problem adequately, it is important that the context-specific risk factors for malnutrition are identified for appropriate interventions to be implemented. The risk factors of malnutrition are multifaceted and complex, and the relative importance of each of the known risk factors of malnutrition including household food insecurity is likely to vary between settings. Food insecurity is probably one of the determinant factors of malnutrition in developing countries, but its role remains unclear. In particular, it is not known whether all children suffer from household food insecurity and at what extreme levels. Some studies have shown that in times of food insecurity, mothers are likely to reduce their own intakes to secure those of infants and small children [3, 4] .
Food insecurity refers to limited or uncertain availability of nutritionally adequate and safe foods, or limited or uncertain ability to acquire food in socially acceptable ways [5] . The access component of food insecurity comprises three core domains, namely, anxiety and uncertainty about household food supply, insufficient quality of food, and insufficient food intake by household members [6] [7] [8] .
International Journal of Population Research Though there are reported cases of household food insecurity in Northern Ghana, its contribution to child malnutrition remains unclear. To reach any conclusions about whether household food insecurity is independently associated with child malnutrition calls for further investigation. It is on the basis of this that this study used three dependent measures of food insecurity to assess the magnitude of household food insecurity and its consequences on the nutritional status of children 6-36 months and their mothers in Tamale Metropolis in Northern Ghana.
Materials and Methods

Study Design and Sampling
Procedures. An analytical cross-sectional study was conducted on a sample of 337 mother/child pairs in June 2012. The required sample size was calculated based on the standard formula for one point sample estimation. The primary outcome variable used to estimate the sample size was the population proportion of the chronic malnutrition in the study area. A sample size of 323 was required to ensure that the estimated prevalence of the main outcome variable was within plus or minus 5% of the true prevalence at 95% confidence level. An additional 11 was added to take care of nonresponses and other unexpected events (e.g., damaged/incomplete questionnaire), and so the final sample size was adjusted to 341.
A 30 × 11 two-stage cluster sampling procedure was used to include households within clusters that were selected based on the probability-proportional-to-size method. In the first stage of sampling, 30 clusters were selected from a master list of communities (sampling frame) constructed originally by the 2000 Ghana Population and Housing Census and updated by the Metropolitan Health Directorate. The second stage of the sampling involved selecting 11 households from each cluster. Households were selected by the spin-a-pen random walk method. If a selected household had more than one child aged 0 to 36 months, only the youngest child was included in the survey.
Study Population.
The study population comprised women within the reproductive age bracket (15 to 45 years) with children aged 6 to 36 months resident in both rural and urban communities. Mother/child pairs were chosen at the household level.
Data Collection.
Household face-to-face interviews using structured questionnaires were used to collect data on household sociodemographic characteristics, food insecurity, child feeding practices, anthropometric measurements of height, weight, and household assets wealth, and details of which are described below.
Assessment of Household Food Security.
Food access was measured through household food insecurity access scale (HFIAS), the household dietary diversity score (HDDS), and food consumption score (FCS).
The concept of food security has been defined variously over the years. One of such definitions was given by the FAO as "food security" is achieved when it is ensured that "all people, at all times, have physical, social, and economic access to sufficient, safe, and nutritious food which meets their dietary needs and food preferences for an active and healthy life" [9] . Food insecurity therefore exists whenever people are not able to access sufficient food at all times for an active and healthy life.
As defined by the United States Agency for International Development (USAID), food security has three components: availability, access, and utilization. Household food access is defined as the ability to acquire sufficient quality and quantity of food to meet all household members' nutritional requirements for productive lives. We measured food access by using the household food insecurity access scale (HFIAS), the household dietary diversity score (HDDS), and food consumption score (FCS) indicators. Both the HDDS and FCS were assessed using 7-day reference period, whilst the HFIAS is based on a 30-day recall period. Dietary diversity at the household level gives a measure of household food security. The HDDS tool inquired about consumption from 12 food groups.
Food consumption score (FCS) was measured based on dietary diversity, food frequency, and the relative nutritional importance of nine different food groups. Dietary recall questionnaires were used to collect information on the consumption of selected food groups common in Ghana. The interviewees were asked about frequency of consumption (in days) over a recall period of the past 7 days. FCS was calculated using the formula proposed by WFP and FAO of 2008. In this formula, FCS was derived by multiplying the weight for each food type by the frequency (number of days) these food groups were consumed; the values for all food types consumed during the seven days were summed up to give the FCS, thus, FCS = × (staple) + × (pulse) + × (vegetables) + × (fruit) + × (animal) + × (sugar)
where FCS = food consumption score, = frequencies of food consumption = number of days for which each food group was consumed during the past 7 days, = weight/nutritional value of each food group. Food groups were assigned different weights reflecting their nutritional density-nutrient-dense foods such as meats and dairy products that have higher weights than staples, fruits, and sugar.
The FCS has thresholds consumption categories of "poor, " "borderline, " and "acceptable. "
The FCS indicator is expected to provide a more accurate measure of the quality of the household diet because it accounts for nutritional value of food in addition to the number of different types of food consumed.
The HFIAS was developed for use in developing country settings, and it is a tool that asks respondents about three domains of food insecurity: (1) experiencing anxiety and uncertainty about the household food supply; (2) altering International Journal of Population Research 3 quality of the diet; (3) reducing quantity of food consumed [8] . The tool consists of nine questions that ask about changes households made in their diet or food consumption patterns due to limited resources to acquire food in the preceding 30 days.
Based on the responses given to the nine questions and frequency of occurrence over the past 30 days, households are assigned a score that ranges from 0 to 27. A higher HFIAS score is indicative of poorer access to food and greater household food insecurity. For this analysis, households were classified into two groups based on overall distribution of the HFIAS in the sample. The lower the score, the most food secured a household was. Consequently, a score of <17 was classified as food secured and a score of ≥17 was classified as food insecure. HFIAS allows assessment of food poverty (i.e., the inability to obtain healthy affordable food).
Dietary diversity has been defined as the number of individual food items or food groups consumed over a given period of time [10] and the reference period can vary, but is most often the previous day or week [11, 12] . Household dietary diversity score (HDDS) is a measure of the total number of different food groups eaten in the previous 24 hours by any household member at home, including food prepared at home but eaten outside, such as a sack lunch [13, 14] . This measure is a reflection both of food availability and in particular of food access, on the premise that households consume a variety of foods when they have the means to acquire them.
Our respondents were asked to recall all foods consumed by any household member in the past 7 days. Then the HDDS was derived on the basis of the number of food groups consumed within the 7-day recall period from the total of 13 food groups. The food group consumption frequency score (FGFS) was calculated by assigning a score of 0 if not consumed during the previous week, 1 if consumed for 1-3 days, and 2 if consumed for at least 4 days. This composite index of dietary diversity takes into account the weekly food frequency and it varied from a minimum of 0 to a maximum of 26. There are no internationally accepted cut points and thresholds below those cut points to assist in making judgments on whether households below a certain HDDS score have low dietary diversity or not. We classified households into two categories: low HDDS if FGFS was <15 and high if ≥15. The cutoff of 15 was chosen because that was the mean FGFS in our sample.
Determination of Household Economic Status (SES).
A household wealth index based on household assets and housing quality was used as a proxy indicator for socioeconomic status (SES) of households. An absolute measure of household wealth (wealth index) used in this study is based on an earlier concept developed by Garenne and Hohmann [15] , whereby the sum of dummy variables are created from information collected on housing quality (floor, walls, and roof material), availability of potable water and type of toilet facility, and ownership of household durable goods and livestock (e.g., bicycle, television, radio, motorcycle, sewing machine, telephone, cars, refrigerator, mattress, bed). These facilities or durable goods are often regarded as modern goods that have been shown to reflect household wealth. A household of zero index score, for example, means that household had not a single modern good. The scores were thus added up to give the proxy household wealth index. The index varied from 0 to 18. Households that had a wealth index score of 13 and below were classified as having a low wealth index score and those that had a wealth index score of 14 and above were classified as having a high wealth index score.
Anthropometric Measurements and Reference Values.
Anthropometric measurements of children were taken and WHO AnthroPlus was used to compute nutrition indices and the results were classified according to World Health Organization 2006 cut-off points. Underweight, wasting, and stunting among children were defined as WAZ, WHZ, and HAZ less than 2 SD below the 2006 WHO growth standards, respectively [16] . Women's nutritional status was assessed by collecting data on the weight and height of nonpregnant, nonlactating women 15-49 years. The children and their mothers were weighed with a SECA electronic scale sensitive to the nearest 100 g. The recumbent length of children less than two years of age (i.e., up to and including 23 months) was measured to the nearest 0.1 cm with a portable infantometer. A specialized wooden device (i.e., an infantometer) was used. The child was placed on his/her back between the slanting sides. The head was placed so that it is against the top end. The knees were gently pushed down by a helper. For children aged 24-59 months and adults, stature was measured in a standing position. The child stood without shoes on a level floor. The legs were placed together, as also were the heels.
Body Mass Index.
The nutritional status of adult women was assessed using the body mass index (BMI). Maternal weight was measured twice, to the nearest 0.1 kg, with a digital scale, while the subjects were wearing light clothing and no shoes. BMI as an indicator of the nutritional status of adults reflects chronic energy deficiency that was assessed by dividing an individual's weight (kg) by height in metres squared (m 2 ). A BMI < 18.5 for nonpregnant, nonlactating women 15-49 years was categorized as underweight or chronic energy deficiency. A BMI over 18.5 indicates adequate nutrition, whilst a BMI between 25 and 30 indicates overnutrition. A very high energy (obesity) intake is expressed by a BMI of >30.
Training of Data Enumerators.
Six data enumerators were given training prior to the survey. The training agenda included survey purpose, sampling procedures, field procedures (random household selection, introduction, and systematic data collection), techniques in interviewing, and taking measurements (height and weight). This was aimed at pretesting of questionnaire and achieving high data precision and accuracy.
Anthropometric data quality was validated using the plausibility check function of the SMART for Emergency Nutrition Assessment (ENA) software. The overall scoring of the plausibility check of the data was 10% and this is acceptable. The validity (plausibility) checks showed, for example, that the values for standard deviation (SD) of the z-scores for weight for height z-score (WHZ) and height for age z-score (HAZ) were all within acceptable limits (i.e., less than 1.2). The SD of WHZ should not exceed 1.2 in a good survey. The weight and height measurements were without digit preference. All of these suggest that the data have been well taken and were of good quality.
2.9. Data Management and Analysis. The ENA software (2010 version) was used in the data analysis and to check the plausibility of anthropometric data. Anthropometric measurements such as height, weight, and age of children 6-59 months were converted into z-scores using the 2006 WHO reference growth curves. Before performing the anthropometric calculations for weight-for-height (WH), height-forage (HA), and weight-for-age (WA), the data was cleaned and the outliers were removed. The literature recommends that the percentage of outliers should not exceed 2% of the sample. The data were analyzed using PASW version 18. We compared three measures of food insecurity to one another and to the measured child anthropometric indicators. For continuous outcomes, statistical significance was assessed using ANOVA. For categorical and dichotomous outcomes, chi-square tests were used to assess statistical significance. Logistic stepwise regression was used to assess the independent contribution of food insecurity to undernutrition. Independent variables considered for entry into the regression models were identified during bivariate correlations analysis. Multicollinearity between independent variables was checked and eliminated. Three of the independent variables exhibited multicollinearity: household wealth index, food consumption score (FCS), and household dietary diversity score (HDDS). So only the variable most highly correlated with the outcome variable of interest was entered into the regression model.
Ethics Consideration.
The study protocol was presented to the Ethics Committee of the School of Medicine and Health Sciences, University for Development Studies, for approval. Permission for data collection was obtained from the local leaders in the respective communities, and verbal informed consent was obtained from each respondent before interviews were conducted. The study's purpose and objectives were explained to each participant prior to interview. Study participants were free to refuse or withdraw from the study at any time.
Results
Sociodemographic Characteristics of Study
Sample. The study comprised 337 mother/child pairs out of which 50.9% of them (171) were resident in rural setting. One child had missing height measure. This resulted in a final sample size of 336 for some of the anthropometric indicators. The mean age of the children was 17.7 ± 9.2 months and 54.5% (183) of children were males. The other details of the sample characteristics including maternal age distribution and maternal educational level are contained in Table 1 . Foodinsecure households had generally lower socioeconomic status as measured by household wealth index than foodsecure households. A greater proportion of mothers from foodinsecure households had no formal education, compared to mothers from foodsecure households. More foodinsecure households than foodsecure households were resident in rural areas. In comparison to foodsecure households, households with food insecurity have less access to protected potable water. Table 2 shows the prevalence of child undernutrition and household food insecurity. The magnitude of malnutrition among children in the sample was quantified using International Journal of Population Research 5 
Magnitude of Household Food Insecurity and Malnutrition.
Relation between HDDS, FCS, HFIAS, and Household
Wealth Index. All three food access indicators were related to socioeconomic status (SES) as measured by household wealth index (HWI). HWI associated negatively with HFIAS but positively with FGFS and FCS (Table 3 ). Generally, HFIAS was negatively associated with both FCS and FGFS. Higher household dietary diversity is associated with greater food access as measured by the HFIAS.
Nutritional Status Indices and Household Food Insecurity.
Of the three food access indicators, HFIAS was not related to any of the nutrition indices measured. As shown in Tables  4 and 5 , HDDS and FCS were significantly associated with chronic malnutrition and BMI of mothers with FCS being a stronger predictor of nutritional status. Compared to food secure households, children from food insecure households had lower mean HAZ. The association between chronic malnutrition and HDDS/FCS was stronger in the 24-36 months age group. They were, however, not associated with acute (wasting) malnutrition and underweight. The nutritional status of young children (6-23 months) was less sensitive to changes in food access compared to other age groups (≥23 months). In other words, the relationship between food insecurity and chronic under-nutrition was stronger among children aged at least 23 months F(1, 96) = 5.7, = 0.019. Compared to households with stunted children, the mean household wealth index, FCS and HDDS were significantly higher in households with normal children (Table 6 ).
Bivariate analyses showed that a number of factors were associated with the mean HAZ (Table 7) .
In a multiple regression (stepwise method), only maternal BMI and FCS were important determinants of mean HAZ. As shown in Table 8 , a unit increase in BMI led to 0.15 standards units increase in HAZ ( -coefficient = 0.15). Household wealth index was also a predictor of mean HAZ. There was collinearity between household wealth index and FCS and was thus not entered in the regression analysis.
Other independent variables entered into equation but found to be insignificant were maternal educational levels, sources of potable water, place of residence, FGFS, and timely initiation of breastfeeding.
In logistic multiple regression analysis, only household food insecurity as measured by FCS remained independent significant predictor of chronic malnutrition. Compared to children in food insecure households, children in secure households were 46% protected from chronic malnutrition (OR = 0.54, 95% CI: 0.31-0.94). So FCS consistently predicted mean HAZ as well as the prevalence of chronic malnutrition.
Discussion
The purpose of this study was to investigate the magnitude of household food insecurity and its relationship with nutritional status of mothers and their children aged 6-36 months in Tamale Metropolis of Northern Ghana. We used three food insecurity instruments to measure household food insecurity. Food security has three components, namely, availability, access, and utilization. Household food access, which is defined as the ability to acquire sufficient quality and quantity of food to meet all household members' nutritional requirements for productive lives, is therefore a key component of food security. Food access is measured in a number of ways including quantitative food consumption surveys or income and expenditure analyses, but some of these approaches are time consuming and require sophisticated analytic methods. To address these difficulties, simpler proxy measures of food access including HFIAS, FCS, and HDDS have been developed [17, 18] and are being promoted. These food access indicators are expected to distinguish households with different levels of vulnerability to food insecurity. Inadequate food insecurity is one of the three underlying causes of malnutrition and one would therefore expect to see a link between indicators of food insecurity and that of malnutrition. The complexity of food security makes it difficult to measure adequately because different dimensions of it do exist and researchers have tried over the years to capture as much as possible these different dimensions. Food security encompasses accessibility, adequacy, stability, and sustainability of food supply [19, 20] .
Magnitude of Household Food Insecurity and Malnutrition.
The dominant form of malnutrition among children in the sample was stunted growth and nearly 30% of the children were suffering from this. According to the findings of the study, the prevalence of global stunting continues to be high in terms of public health significance. The findings are consistent with the results of a recent Multiple Cluster Indicator Survey (MICS) of 2011 conducted in three regions 6 International Journal of Population Research of Northern Ghana, in which prevalence of chronic malnutrition was in the range of 23.1-37.4% [2] . Interestingly, the magnitude of food insecurity depended on the food access indicator, with HFIAS yielding the highest prevalence of 54.0% and the lowest prevalence of 20.5% was given by FCS. Though all indicators measure food access, the approach in measuring them and their sensitivity to identifying food insecure households differ and so one would expect such differences.
Relation between HDDS, FCS, HFIAS, and Household
Wealth Index. It was shown that, in general, all food access indicators were related to socioeconomic status (SES) and could therefore be considered as reasonable proxies for food access. SES was measured by household wealth index (HWI). HWI associated negatively with HFIAS but positively with FGFS and FCS. Generally, HFIAS was negatively associated with both FCS and FGFS. Higher household dietary diversity (HDDS) was associated with greater food access as measured by the HFIAS. Food insecurity measured by the HFIAS is linked to poverty levels and it allows assessment of food poverty (i.e., the inability to obtain healthy affordable food). The higher the score, the lower the socioeconomic status.
It was found to be inversely correlated with household dietary diversity, that is, households with low dietary diversity score are high for food insecurity, whereas HFIAS identifies consumption patterns that household employ in relation to access to food and can provide information on coping strategies such as going to bed hungry or passing a whole day without food; the HDDS and FCS give indication of the actual food consumed in times of food insufficiency. Though the HFIAS is a valid measure of food insecurity in several settings [17] , it was not associated with chronic malnutrition even among a subgroup of children older than 24 months in our study. Other studies have reported similar insignificant findings on the relationship between HFIAS and nutritional status [21] [22] [23] [24] .
The lack of association between nutrition indices and HFIAS may be due to several reasons. First, the mothers 8 International Journal of Population Research who were the respondents in this study may have reported similar responses concerning the nine items of this particular household food security scale. In nonemergency situation as in the case of this study, responses to most of the items in this questionnaire were similar and very little variation was seen and that could possibly mask the relationship between food insecurity and under-nutrition. Second, the respondents may not accurately have recalled their feelings and behaviors over the recall period of 30 days vividly. The longer the recall period, the greater the likelihood that respondents will provide inaccurate responses. However, several studies including a multi-country study, have demonstrated that household food insecurity as measured using the HFIAS or a modified version of significantly related with height-for-age such that children from food insecure households had lower HAZ than children from food secure households [25] [26] [27] [28] . The measure of food insecurity based on the HFIAS seeks experience of food security beyond hunger and therefore captures uncertainty, quality, and hunger aspects of food insecurity.
Our results further indicate that household food security as measured by FCS is very much correlated with household wealth index and may thus serve a strong indicator of socioeconomic status (SES). In our sample, FCS was independently associated with under-nutrition. Lower household socioeconomic status was associated with both household food insecurity and chronic under-nutrition among children and adult women.
The specific mechanisms by which poverty leads to food insecurity and child malnutrition are not clear. In a logistic regression analysis, low FCS was highly significant predictor of stunting when it was modeled with other covariates including maternal BMI. When household wealth index, a composite index of housing quality and ownership of household assets, was included in the model, the food security variable lost its statistical significance. That is, households International Journal of Population Research 9 with few assets are more likely to experience recurrent poor dietary diversity and also are more likely to have stunted children. Based on these findings, it can be inferred that children's nutritional status in Northern Ghana is strongly and positively related to both household socioeconomic status and food security. Any situation that limits real incomes of families and in the accessibility of food can be expected to result in a substantial stunted growth. This study was conducted in the Tamale Metropolis where most households procure their food supplies through purchases. It is thus understandable that households which produce a major share of the food they consume may be less subject to insecurity than households which depend almost entirely on purchased food. This perhaps partly explains the close links of food insecurity and poverty.
Nutritional Status Indices and Household Food Insecurity.
This study presents an important comparison of household food security as measured by three different instruments and child nutritional status. This is perhaps the first study to assess household food insecurity in Ghana using three measurement tools of HFIAS, HDDS, and FCS concurrently and it is also one of the few studies to assess the relationship between household food insecurity and malnutrition among children aged from 6 to 36 months in developing countries setting.
The main finding was that household food insecurity as measured by HFIAS was not associated with any of the anthropometric indices among children aged from 6 to 36 months. However, low HDDS and FCS which are measures of food access and diet quality were significantly associated with chronic child malnutrition and undernutrition of mothers as measured by BMI. The association between chronic malnutrition and low HDDS/FCS was stronger in the 24-36 months age group compared to children aged 6-23 months. They were, however, not associated with wasting and underweight. This is expected because it is often argued that the nutritional status of very young children may be less sensitive to changes in food availability than is true of other age groups. This stems from the fact that households may reallocate resources when food is scarce to buffer the youngest children from declines in food intakes [29] and because factors other than low food energy intakes may be relatively more important. Households can cope with declines in food availability through multiple mechanisms without necessarily sacrificing nutrient adequacy for vulnerable members [30] .
Other studies have shown that household dietary diversity is significantly associated with nutritional status indicators especially among preschool children [31, 32] and also a measure of household food security and/or micronutrient adequacy of diets of women of reproductive age [33] . The poor relationship observed between dietary diversity and underweight/wasting indicates that factors other than just diet are responsible for acute malnutrition. It needs to be emphasized that the association observed between chronic malnutrition and household dietary diversity was stronger among older children aged more than 23 months. For the younger age groups 6-23 months, the association was not discernible.
The etiology of malnutrition is very complex and it appears that food insecurity does not necessarily result in malnutrition especially among children less than 24 months. Other factors including recurrent infections, birth weight, and socioeconomic status may be relatively more important as risk factors for malnutrition among these young children.
The major underlying causes of growth failure in very young children include inadequate sanitation and hygiene and less than optimal infant and young child feeding practices, as well as lack of food at the household level [34] .
Multiple regression analysis showed that household wealth index confounds food insecurity as an independent predictor of chronic malnutrition among children. The significant negative associations between household wealth index and child stunting suggest that poverty may be a major determining factor of the nutritional status of children aged from 6 to 36 months in the study population. Poor families will find it more difficult serving adequate meals.
Research on the relationship between household food insecurity and nutritional status of children has produced mixed results, whereas some studies have reported a positive association between household food insecurity and childhood growth indicators such as weight gain [35, 36] ; others have found negative association [26, 27, 37, 38] with weight and height gains among children. One recent study from Nepal reported that household food insecurity level was not significantly associated with stunting, underweight, or anemia among children less than two years of age after controlling for socioeconomic status, maternal height, education, and infant feeding practice [39] . However, among children under two years in rural Bangladesh, higher food security was associated with better growth outcomes including weight and length gains [38] . Similarly, in Colombia, stunting and underweight among preschool children were significantly inversely associated with household food security, implying that greater food security was associated with lower levels of stunting and underweight [7] .
It appears that the measure of food insecurity used and study populations may explain the discrepancies that exist in the literature. As noted in the present study, HFIAS does not appear to be sensitive to changes in nutritional status of children especially those below the age of 24 months.
Relationship between Food Insecurity Maternal BMI.
Maternal BMI was categorized into under-nutrition (defined as BMI < 18.5 kg/m 2 ), normal weight (≥18.5 and <25 kg/m 2 ), and overnutrition (BMI > 25 kg/m 2 ). In our study sample, women from food insecure households had lower BMI than women who were food secure. BMI was also positively associated with food security indicators that reflected dietary quality (i.e., HDDS and FCS) but was not associated with household food insecurity as measured by HFIAS. Women's BMI has been used in Africa as an indicator of food security [40] . In contrast, most studies conducted especially in developed countries report that food insecure women tend to have higher BMI than women who were food secure [28] , but not all studies have reported this relationship [41] . This infers that the percentage of women overweight or obese in severely food insecure households was greater than the proportion of women overweight or obese in moderately food insecure households.
The few studies that have been conducted from developing countries among adults and children have produced mixed results. Household food insecurity was associated with obesity among rural women in Malaysia, [42] , while in Trinidad and Tobago, household food insecurity was associated with underweight among adults [43] . The evidence is that in low-income countries, obesity is associated with affluence, but in high-income countries, obesity is more often associated with lower socioeconomic status had been reported earlier [44] .
Household wealth index (a proxy for socioeconomic status) was also associated with greater odds of overweight or obesity. These associations are consistent with what is commonly seen in developing countries where individuals of higher socioeconomic classes are more at risk of overweight and obesity. One possible explanation for these relationships is that wealthy households in developing countries are more likely of purchasing foods especially those that are energy dense and less likely to exercise. On the other hand, poor families may have less access to such foods and may do more exercise through walking. In the developed countries, the opposite appears to occur, where the wealthy families are able to access more healthy diets including vegetables and less concentrated energy dense foods.
Summary of Findings.
The magnitude of household food insecurity depended on the food access indicator, with HFIAS yielding the highest household food insecurity of 54%. Of all the three food access indicators used, FCS associated significantly with chronic malnutrition (stunted growth) but not acute malnutrition (wasting).
Mean HAZ was significantly higher in food secure households, compared to food insecure households (−1.2 versus −1.5, F(1,331) = 4.7, = 0.031). Similarly, compared to children in food insecure households, children in secure households were 46% protected from chronic malnutrition (OR = 0.54, 95% CI: 0.31-0.94). Household food insecurity as measured by FCS associated positively with maternal BMI (F(1,333) = 4.9, = 0.028).
Conclusion and Recommendation
Findings from this study strengthen growing evidence that improved household dietary diversity is a proxy measure of household food security/food access and it positively associated with economic ability of a household to access a variety of foods, which goes to improve the nutritional status among young children and mothers. The policy implication of this is that strategies for improved nutritional security should focus on improving the household food security, together with an overall socioeconomic wellbeing of families. Strategies should include behaviour change communication on the consumption of diversified foods alongside supporting families to produce such foods.
Limitation
The cross-sectional nature of the data limits our ability to draw any causal conclusions. Recall bias was also possible and may explain the high prevalence of household food insecurity. Despite these limitations, our results have shed more light on the association between household food insecurity and the nutritional status of children aged from 6 to 36 months in developing country setting.
